Starlight:
a Visual Information System (VIS)

4t Workshop on Risk Analysis and

Safety Performance Measurement in
Aviation

Mike Blaiime



Battelle Memorial Institute

m Founded in 1928 at the direction of the will of
Gordon Battelle

m Mission: For the betterment of mankind through
technology

m Headquarters in Columbus, Ohio, USA
m ~ 1 billion USD in yearly revenues

m [hree major business areas:
* Contract research
* Intellectual property commercialization
* Laboratory management
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What Is Starlight?

* Prototype example of a new class of information system

» Advanced information processing, management, and
mining/analysis functionality coupled to a visualization-
oriented user interface
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History & Evolution of Starlight

1995

1997
1998-99
2000-present
2000

2001

2001

2002

2002

2002
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First demonstration prototype (CIA ORD)

Initial proof-of-concept prototype (v.1.0, USA INSCOM)
v.1.0 prototype enhancements

Sustained funding (v.2.0, USA INSCOM IDC)
Advanced preprocessing functionality (DARPA)
Network & Hierarchy displays (DCFL)

Web harvesting (DOE SO-21)

v.3.0 design and engineering (INSCOM IDC)

Temporal data modeling & visualization (DCFL)
Pattern recognition technologies (INSCOM IDC, DOJ)



Principle R&D Sponsors

US Army INSCOM IDC
DOD Computer Forensics Lab
DOE/NN-20, SO-21

DARPA

US Department of Justice
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“To understand 1s to perceive patterns.”
- Isaiah Berlin

“The soul never thinks without a picture.”
- Aristotle

“Some people say that the network 1s
the computer. We think that the display
1s the computer.”

- Jen-Hsun Huang

CEOQO, Nvidia

Ballelle




What Does It Do?

m Correlates information of disparate types & formats,
In multiple ways

— Unstructured and semi-structured text
— Relational data

— Spatial data

— Multimedia information

m Graphically depicts correlation structures so that
they can be visually intercompared

Key Goal:

» Support the concurrent visual analysis of large
quantities of disparate information
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J 4 Ikems I Rel. I event DTG | event_locakion I event_tvpe I highest_injury | ackiviky: I ac_make_model |
RECORD:Z3 - 06/13/2002 0153  MIMMEAPOLIS, MM, US Incident Mone Business B737

. RECORD:Z20 - 07072002 2130 CHICAGD, IL, US accident Mone Business B737
RECORD:330 - 07 f06f2002 2006 SALT, UT, US Incident Mone Business B737
RECORD: 4TS - 072112002 2224  SALT, UT, US Incident MNone Business BF 37

-CORD:320

IDENTIFICATION
AC Registration #: 70657 MMake/DModel: E757
Description: 727-700, BEI, C-40

Date: 07072002 Time: 2120 Event Type: Accident
Highest Injury: IMone Mihd Adr: I Missing: I
Damage:
LOCATION
City: CHICAGO State: IL Country: T35
DESCRIPTION

SOUTHWEST ATRTINES FLIGHT 1544 | B/37, DUEING PUISH BACE TiOW BAE SINAPPED,
FLIGHT ATTENDANT INJUEED ANWD TAEEN TO HOSPITAL, CHICA GO, TL

INJURY DATA
Total Fatalities: 0
Number Fatalities Serious Minor Unknown
Crew 0 0 0 0 T
Passengers 0 0 0 0
Ground 0 0 0
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Why A New Approach?

Ballelle

m Information volume

m Information complexity

m Information dynamics

m Problem domain complexity
m High operational tempos

» User stress & ineffectiveness
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What Makes Starlight Different?

m Uniquely powerful information model

m \/isualization-oriented user interface

m Powerful information engineering capabilities

m Integrated pattern recognition/data mining tools
m Concurrent analysis of disparate information

m Seamless transitions between analysis modes

Ballelle
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The Nature of the Problem

m Real-world safety problems are typically complex and
multifaceted

m Solving them commonly requires the complex integration of multiple
information types

m This problem is compounded by the sheer volumes of information
available

m Further compounded by the dynamic nature of many real-world
problems, information reliability issues

Ballelle
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System Design Philosophy

m Model information closer to the way people do

m Generate graphical depictions of relationships
among multiple pieces of information

m Enable investigation of multiple relationships
simultaneously

m Enable seamless transitions between different
analysis modes

m Enable inspection of patterns at multiple levels of
abstraction

m Support visual pattern discovery with computational
pattern recognition

Ballelle
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The Starlight Approach

o B w0 bdh =
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Convert information to a common format

Form meaningful “information objects”

“‘Enhance’ the objects to increase their analytical value
Capture relationships among information objects

Graphically represent the modeled relationships so that
they can be effectively compared

Provide cueing mechanisms to alert users to patterns of
potential interest

Provide tools for communicating the results of analyses
to decision makers
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Software Demonstrations

m Not today

* |InD.C. or we will come to you

* ASRS data for FAA / NTSB next

Ballelle
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In Conclusion

m Starlight is a Visual Information System
* Displays data in 3 dimensions
* Allows analysts to see relationships faster

m Developed by Pacific Northwest National Labs
* GOTS tool / Companies need government sponsor
* Shrink wrap in 12 to 18 months???

m Contact Mike Blaine for a Demo
- (703) 413-7241

Ballelle
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Are there any...

m Questions?
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Four Aspects of Information Exploitation

Information Information Information Information
Collection Engineering Modeling Exploitation

\ 7 \ J
A4 A4

Ha;"o ‘Zsli'"g '"g%rj':;t,!m STARLIGHT STARLIGHT
: SERVER CLIENT
Formation
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XML-based Information Integration

EMAIL 1

EMAIL 2

NEWS STORY 1

<?xml version="1.0" standalone="yes"?>
<IDOCTYPE EMAIL SYSTEM “email.dtd">

<EMAIL>

<DATE>Jure 28, 2¢00 1427 GMT</DATE>
<SUBJECT>Our Friend</SUBJECT>
<BODY >
Have you heard from “F"? He was supposed to have
reported back by now.
</BODY>
</EMAIL>

<?xml version="1.0" standalone="yes"?>
<IDOCTYPE EMAIL SYSTEM “email.dtd">

<EMAIL>

6is</FROM>

<CC></CC>
<DATE>June 28, 2080 17:44 GMT</DATE>
<SUBJECT>Re: Our Friend</SUBJECT>

<BODY.

T eKhEn:
</BODY>
</EMAIL>

Network Relationship

| | Temporal Relationship

Conceptual Similarity

] Structured Property Co-occurrence

Ballelle

<?xml version="1.0" standalone="yes"?>
<IDOCTYPE NEWS_STORY SYSTEM “news.dtd">

<NEWS_STORY>
<SOURCE>AP</SOURCE>
<BYLINE>Jack Bateman</BYLINE>
<DATE>june 27, 2080 11:14 GMT</DATE>
<DATELINE>Como, Italy</DATELINE>.

X _Persan> was sestched
2.12020"
City>. norther Itsly, and a “abiet' containing 5.2
s siscoverad. This tatlet was z2ppsreniy used 'to set
gRuges curing woik with fissionzhle materisls ang had bsen sucplied by <EX_Crg-
Compeany>Tekhsnabekspori</EX_Org-Company> in <[2X_City
Geoccoordinate="55.750¢ 7.283332" Counwy="RUSSIA
Standard_Mame="R "> Moscow</I2X_City=. Federer nas bean linked toth o the
<EX_Cro-MiscKGE</I2X_Org-Mise> and the Ry i Mafiz. Accorging to Federer,
3 cle {2nd the order to 2 X_Cauntry
Haly</=X_( tober ir <EX_ Tty
7.266566.11.4002 AUSTRIA"
Admir_District="TIROL" Siandsrd_Name JCK"> Innsbruck</EX_City>
from <EX_Persor>Feter Radocha</EXF 0>, 2n Acstaan’
</BODY>
</NEWS_STORY>

hotel in <EX_City Geaccordinae="45 343000,
Country="ITALY “>Cormo</EX_

il
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The Starlight Information Model

 Hybrid model captures multiple types of relationships that may
exist among arbitrary “information objects”
e Supports both information retrieval and comparison operations

(" Relationship General E xplicit FieldValue | Parent/Child S patial Temporal )
Type: Similarty R eference Co-occurrence
Modd Type: Yector-space Network Mugxiimensiona! Hierarchical Spatial Ordingl
Index Index
00 o0 | 4o o [NeERE et | -omoo=p
e o | e AGE 77 Y
o Qo é,.- © o R
Examples: Reports References DB records, Flie paths, Feokcatons, | Event
articies, DB & citation s, document taxonomes CAD models descrptions
\ re cords hypeninks metadata P addresse Y.

» Note that only the types of possible relationships are predefined;
not the contents of the objects themselves.

» This makes possible the integration and concurrent analysis of an
unlimited variety of information types

Ballelle

9/18/02

21



Morth America

JEE | Q’EQ: ‘Eﬂ-ﬁ' “53'3'3'5 E‘ Qi . % Lg “Eiru:uwse

[¥  Ffé Incidents and Accidents
e destinationi@Geocoordinate

[V  Faa Incidents and Accidents
& departure_location@Geocon

[V  Moth America
O

Ballelle

i kA,

v V- e il
P el <] I :
R 5 iy X s
] i Gl
1 ; Mm-.nI 2 Pl
! o iasameres = b
y L‘"]ILXH_.C" ' |
uripke CarEiny | mgtes
. 1) 1 Petrtle” k
.5 s
Sealez 156, TO000 trndabpng © 8 ! WM
; Kk a Wlenw broracns g donr e .
[T Y] e, e Wddrazpan Curibbean
i — e - E | e L
v - L Cx Jana ¥ el
i . wap ke [ e )
- Camgnaty R y
e S OUATEM AT iy LaciLa |
T 2 s sabearke L Banmul l

¥ L

Chuke Cireenland [ : |
S i 1{ Ilwll.uE
Ll * s _hancw » ':| % 1
5 ) Lo Tasdlad ik ll
[ .-u:l'l'\.lla.l_n_.!' Eirl
amnpr!

et et
gt
j"‘-"‘j hshru'__”_lw

o s
1 iPreeleslodaibs |
|
' Baraigirig L 0 B o
! A = .‘fh g o L
"ﬂ"" i m)mm.- W
£ x
- s
. C ALY "-’i D ﬁ ; WL“.‘;‘:." ety
FekaATenl s, -' i
R *® .'
- hbaih
r T gl Ilml.-e Tt
i
1 Td mene = k [ "y
freasitny T N0

'.-m-unr =&, Caigan W} e
i Vi - | ¥
Joarth "'5 Rfina, Tharder y

I TiF w-ﬂm- " macntiial

- : .=...Mﬂ:*

Pacific ’ }@ : ? : T
O cedi 1 é Uﬁ\{‘r""m g ]
\,...“,.:." e E,l ?%;'%
w '? : ,;:':;
.,T;:?""“ g

peall oy &‘!
. f--n‘!‘ w

& F WL BANArss |

9/18/02

22



departure_loc

arture_|ocation {1

'FAA_FSDO' Mode and Link Inform

MNode Y alue | Active Tatal -
ATOM RO [ 5
BIRMIMGH

1alll ) 0 2
AN, MY [EADT] 0
ALBUGUERGUE, NM [Swi1) 0
ALLEGHENY 0., P4, [EAD3) 0

ak | Caticel ‘

¥ Temporal Filter Manager

Filter Contral
Filter Field: |entry_date ﬂ Reset Filter

0641142002 12:00 0742442002 1z:00

Eilll R R e IIE

06411742002 12:00 07/z4/z002 12:00

(e e g e I IE—IME |11

07¢17 /2002 02:00
07¢/18/200Z 18:00

Temporal Display Format: & Standard Time € Date-Time Group ™ Show Invalid Dates

Animation Contral
Animation Type: € Once ¢ Loop Oscillate <

Slider Contral: € Left @ Baoth " Right |

Step Size r

_model (114)

nEf ' IIE![II:EH‘IZI_ 'e_dat

-"”

=101 ]




Starlight Global Visualizations

Hierarchical Network
Relationships Relationships

Text Similarity Discrete Property
Correlations
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